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ABSTRACT Mobile learning is a methodology that involves the use of mobile devices to carry out the
teaching-learning process. In exceptional situations such as that experienced during the COVID-19 pandemic
in Spain, virtual trainingmethods take on great importance, being themain route for the education of students.
The purposes of this paper were to analyse the degree of implementation of the mobile learning methodology
in Spanish universities and to check the sociodemographic factors that influence the development of good
teaching practices in mobile learning. Ten hypothetical relationships were established and contrasted using
a structural equation model. The sample was made up of 1544 university professors from 59 Spanish
universities who were asked to complete a questionnaire designed to evaluate mobile learning practices. The
results indicated that the degree of implementation of mobile devices was almost 73% of the population
surveyed. While the sociodemographic factors that significantly influenced the development of good
teaching practices were: teacher status; type of institution; educational technology research; implementing
pedagogical innovations on a regular basis; agree that mobile devices are appropriate; belief in the expansion
of mobile learning. Finally, the main findings and practical implications derived from the data obtained were
discussed.
INDEX TERMS Good teaching practices, higher education, mobile devices, mobile learning, structural
equation model.
I. INTRODUCTION
Education is in a time of change, where the way of teaching
and learning must be adapted to the demands of society.
This implies the use of active teaching methodologies and
the introduction of Information and Communication Tech-
nologies (ICT) in the classroom [1]. In specific situations,
such as that experienced during the COVID-19 pandemic,
online training andmobile devices become very important for
carrying out the teaching-learning process. Specifically, the
COVID-19 appeared in the city of Wuhan (China) in Decem-
ber 2019, generating an alarm worldwide with its expansion
during the year 2020. The actions taken by governments
have mainly been to confine the population to their homes to
prevent the spread of the virus. This has had a direct impact
on people’s lives and has caused teaching to move to a virtual
format.
The associate editor coordinating the review of this manuscript and
approving it for publication was Derek Abbott .
Therefore, knowing how to properly apply mobile devices
to the educational context should be a requirement in times
of uncertainty and social isolation as we live in Spain
because of the COVID-19 pandemic. Specifically, mobile
learning is defined as learning that occurs through the medi-
ation of mobile devices, which allows a greater scope of
teaching [2]. At the higher education stage, mobile learn-
ing has been linked to various benefits for students, such
as increased academic performance [3]–[6] and motiva-
tion [7]–[9]. While facilitating the development of skills
such as self-regulation of learning [10], [11] and cooperative
work [12].
In Spanish universities the implementation of technology
has had an incessant pace, where there are several experiences
that involve the use of mobile devices through technolo-
gies such as augmented reality [13]–[16] or virtual reality
[17]–[19]. In all these experiences the high interest of the
students is highlighted and an improvement in learning is
noted, since the mixed reality allows for experiential learning
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without having to leave the classroom or the place where the
student is physically located.
However, it is still a pending subject [20], where some
teachers are reluctant to implement mobile devices, derived
among other motivations by the lack of training [21]–[23].
This aspect is paramount in health emergency situations
where the use of technology is not optional, but it is manda-
tory to maintain student learning with the use of electronic
media. Therefore, teacher training in technology is a priority
task for universities, which should be compulsory.
On the other hand, smartphone addiction is a current prob-
lem that mainly affects university students [24]–[27]. There-
fore, the implementation of mobile learning must involve
the development of good teaching practice. This allows to
mitigate the negative effect of the high consumption of hours
dedicated to mobile devices for leisure purposes in order to
redirect them to an academic and controlled use. At the same
time, good teaching practices with ICT are experiences that
stand out for favouring greater involvement, motivation and
development of skills, being a practice that can be transferred
to other contexts due to its excellence [28].
In this way, previous studies on mobile learning in
higher education, focused on Spain, have been mainly ded-
icated to the analysis of the perceptions of teachers and
students and the conditions for its adoption [29]–[36]. This
differs from the knowledge about the real application of
mobile devices in the Spanish university context.
Therefore, taking into consideration the current context
of academic uncertainty by COVID-19 and the relevance of
the use of technology to carry out university training, it is
important to contextualize the results of this research at this
time, which addressed the following objectives:
• To analyze the degree of implementation of the mobile
learning methodology in the Spanish University
• To check the socio-demographic factors that influ-
ence the development of good teaching practices in mobile
learning.
II. HYPOTHESES AND RESEARCH MODEL
The extensive scientific literature on mobile learning has
brought together various sociodemographic factors that influ-
ence the application of mobile devices in the classroom
by teachers. Based on the premises established in previous
empirical studies, the different hypotheses of the study were
generated, which are included in the hypothetical research
model (Figure 1). In particular, due to research linking
the association of gender with the application of mobile
devices [32], [37], [38], it was hypothesized: Gender is a fac-
tor that has a significant effect on good teaching practices in
mobile learning (H1). Other works highlight the importance
of age for the implementation of mobile devices [39]–[41],
so it was of interest to establish three time-related hypotheses:
Age is a factor that has a significant effect on good teaching
practices in mobile learning (H2); Teacher status is a factor
that has a significant effect on good teaching practices in
mobile learning (H3); Teaching experience is a factor that
FIGURE 1. The hypothesized research model.
has a significant effect on good teaching practices in mobile
learning (H4).
On the other hand, specialization in a field of knowledge is
also a variable to take into account in the integration ofmobile
devices [42], which led to the hypothesis: Field of knowledge
is a factor that has a significant effect on good teaching
practices in mobile learning (H5). Institutional support is
fundamental for the integration of mobile devices [43], [44],
where the type of institution (public or private) has been an
influential factor in its application [45], being of relevance
the establishment of the hypothesis: Type of institution is a
factor that has a significant effect on good teaching practices
in mobile learning (H6). Research and development of educa-
tional innovations in the classroom are other factors that affect
the integration of mobile devices in the classroom [46]–[50].
So it was pertinent to establish the hypotheses: Educational
technology research is a factor that has a significant effect on
good teaching practices in mobile learning (H7); Implement-
ing pedagogical innovations on a regular basis is a factor that
has a significant effect on good teaching practices in mobile
learning (H8).
Finally, the personal belief and attitude for the implemen-
tation of mobile devices is closely linked to their applica-
tion [5], [8], [51]–[53], which led to the establishment of
two hypotheses: Agree that mobile devices are appropriate
is a factor that has a significant effect on good teaching
practices in mobile learning (H9); Believing in the expansion
of mobile learning is a factor that has a significant effect on
good teaching practices in mobile learning (H10).
III. METHOD
A. PARTICIPANTS AND PROCEDURE
The design of the study was transversal, based on the appli-
cation of a self-administered survey distributed via e-mail
to the population of university professors who teach in the
Faculties of Education of Spanish public and private universi-
ties with face-to-face teaching (N = 9655). Prior to answer-
ing the scale, participants were informed of the purpose of
the research and the anonymous processing of their data.
Finally, the participating sample gave its informed consent
(n = 1544). The research was conducted based on a con-
venience sampling design, due to the particularity of the
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data collection, where the scale was distributed to the whole
population and everyone was free to decide their partic-
ipation. The data collection period was set from May to
September 2019.
A total of 1544 university professors from 59 Spanish
universities participated. Of the total, 1125 professors imple-
mented the mobile devices (72.86%) and 419 did not apply
the mobile devices (27.14%). Among the reasons for non-
application of mobile devices were: ignorance (45.59%);
distraction (28.16%); change resistance (14.56%); useless-
ness (11.69%). Thus, the sample of teachers who applied
the mobile devices consisted of 434 men and 691 women,
between the ages of 20 and 77 (M = 4 4.66; SD = 10.36).
Table 1 shows the frequency and percentage of the remaining
sociodemographic data.
B. MEASURE
An ad hoc questionnaire was used for data collection, as there
was no instrument to evaluate good teaching practices in
mobile learning [35]. The scale created, called Analysis of
M-learning practices at the University (APMU), evaluated the
mobile learning practices implemented by university teachers
by establishing and refining quality indicators to evaluate
good teaching practices in mobile learning [54].
The 16 items on the scale were grouped into five dimen-
sions: mobile devices (1-3); digital competence (4-5); knowl-
edge construction (6-9); cooperative work (10-12); good use
of technology (13-16). The response mode was by means of
a four-level Likert scale (1 = never; 4 = always). So the
scale scores ranged from 16 to 64 points, where a higher
score meant that the implementation of mobile devices in
the classroom led to good teaching practice. These items
are:
1. Do students have a mobile device to work in the class-
room (smartphone, tablet or laptop)?
2. Do students use mobile devices in the classroom during
subject time, i.e. do they use them in the tasks that
require their use?
3. Do you make a didactic use of the mobile device in
the activities you develop in the classroom, that is,
do you take into account the functionalities of the
mobile device in the teaching and learning process?
4. Do the activities planned with mobile devices allow
students to produce digital content?
5. Do the activities planned with mobile devices allow
students to share information socially?
6. In the activities that you implement through mobile
devices, do you consider that there is a greater under-
standing of the content by students?
7. Do the activities you implement throughmobile devices
allow you to track the student’s learning process?
8. Does it provide feedback to students in the different
activities that take place with mobile devices?
9. Do the activities, tasks or projects developed through
the mobile device encourage the student to reflect on
his/her own learning?
TABLE 1. Sociodemographic data.
10. Do the activities developed through mobile devices
encourage cooperative work?
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11. Do the activities planned with mobile devices encour-
age interaction between students?
12. Do the activities proposed with mobile devices allow
for group decision-making?
13. When doing any activity that requires the use of the
mobile device, do you warn students about the risks of
improper use?
14. Do you teach students to use available filters so that
mobile devices do not display adult content?
15. When you apply a methodology based on mobile learn-
ing, do you establish prevention guidelines to avoid
addictive behaviours to mobile devices?
16. Does it inform students about the health consequences
for children of inappropriate use of a mobile device at
an early age?
To estimate the psychometric properties and internal con-
sistency of the instrument, convergent and discriminant valid-
ity and reliability were calculated using Cronbach’s Alpha
coefficient (Tabla 2 y Tabla 3). Convergent and discriminant
validity were assessed using the measurement model [55].
Adequate factor loads were obtained, so convergent and dis-
criminant validity of constructs was verified [56].
The Kaiser Meyer Olkin (KMO) measure of sampling ade-
quacy was also adequate (KMO = 0.844). Bartlett’s spheric-
ity test obtained the values of χ2 = 6194.333; df = 120;
p = 0.000.
C. DATA ANALYSIS
We calculated the mean and standard deviation for each
socio-demographic factor and checked whether there were
statistically significant differences between the groups. For
this purpose, the T test was used for independent samples
when it was a comparison between two groups and the
ANOVA test when there were more than two groups.
Hypothesis testingwas performed using path analysis. In it,
the different relationships with the good teaching practices in
mobile learning were established and it was checked if each
relationship was significant. However, before the establish-
ment of the structural equation model (SEM), the hypothesis
of multivariate normality was confirmed as a precondition
through Mardia’s coefficient [57].
Also, different goodness-of-fit indices were collected to
confirm the adequacy of the SEM [58]: Chi-square (χ2);
degrees of freedom (df); the ratio χ2/df; goodness-of-fit index
(GFI); root mean squared error of approximation (RMSEA);
normalised fit index (NFI); comparative fit index (CFI);
adjusted goodness-of-fit index (AGFI).
The various analyses were performedwithMicrosoft Excel
Professional Plus 2013 (Microsoft, Redmond, WA) and the
statistical packages IBM SPSS and IBM SPSSAmos, version
24 (IBM Corp., Armonk, NY).
IV. RESULTS
Data concerning the validity and reliability of the instrument
showed adequate psychometric properties on the APMU
scale. In convergent validity, average variance extracted
TABLE 2. Convergent validity measures and reliability.
TABLE 3. Discriminant validity measures.
obtained an adequate value for all items (AVE > 0.5) [59].
While the composite reliability values of the items were also
adequate, where values above or close to the appropriate
(CR > 0.8) (Table 2). On the other hand, the reliability of
the scale calculated by Cronbach’s Alpha coefficient was at
correct values (α = 0.834).
For the discriminant validity analysis, the square root of
AVE was taken to correlate the latent constructs (Table 3).
The discrimination of each factor was verified, which rep-
resented a different dimension. This led to the psychometric
characteristics of the instrument being acceptable [60].
In relation to the averages obtained for each socio-
demographic factor, the significant differences were field of
knowledge (p = 0.000), educational technology research
(p = 0.000), implementing pedagogical innovations on a
regular basis (p = 0.000), mobile devices are appropriate
(p = 0.000), and belief in the expansion of mobile learning
(p = 0.000). With respect to the highest average scores by
factor, these were collected from women (M = 45.07), age
50-59 (M = 45.43), Collaborating Professor (M = 45.96),
teaching experience of 21-25 years (M = 46.13), Depart-
ment of Didactics of Plastic Expression (M= 47.88), private
universities (M = 45.77), the research line is educational
technology research (M= 48.46), implementing pedagogical
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FIGURE 2. Structural equation model. Note: ∗Significant at p < 0.05; ∗∗∗
Significant at p < 0.001.
innovations on a regular basis (M= 45.40), agree that mobile
devices are appropriate (M=4 5.33), and belief in the expan-
sion of mobile learning (M = 45.75) (Table 4).
The establishment of the SEM implied, on the one hand,
the confirmation of the hypothesis of multivariate normality
of the data (Mardia = 25,697). This coefficient was less than
288, extracted from p ∗(p+ 2), with ‘‘p’’ being the number of
total variables in the scale (16) [61]. And on the other hand,
the adequacy of the goodness-of-fit indexes: χ2 = 1.691;
df = 2; the ratio χ2/df was 0.8455; GFI = 1;
RMSEA = 0.000; NFI = 0.999; CFI = 1; AGFI = 0.991.
Finally, a total of six hypotheses of the 10 hypothetical
relationships were supported (Table 5). Therefore, the rela-
tionship established between the following factors and good
teaching practices inmobile learning was significant: Teacher
status (H3); Type of institution (H6); educational technology
research (H7); implementing pedagogical innovations on a
regular basis (H8); agree that mobile devices are appropriate
(H9); belief in the expansion of mobile learning (H10). The
hypotheses that were not supported were rejected.
The SEMgraphically exemplified the relationship between
the dependent variables that were significant for good teach-
ing practices in mobile learning (Figure 2). The coefficient of
determination (R2) of the model was 0.183, with a percentage
of variation of 18.3%. Non-significant relationships were
shown with broken lines.
V. DISCUSSION
The data showed a rather optimistic picture regarding the
implementation of mobile devices in Spanish university edu-
cation, since their application was of almost 73% of the total
sample. However, taking into consideration some of the rea-
sons expressed by teachers who do not apply mobile devices,
it is clear that there is still a long way to go for their gen-
eralization [20]. Among these apparent reasons, ignorance
stands out as the main premise of the lack of teacher training
[21]–[23]. It is therefore essential to encourage teacher train-
ing in technological matters at universities, and even more so
in the current context.
Distraction, change resistance and uselessness were other
reasons highlighted. As for the belief that they distract stu-
dents, this can bemitigated if introduced in an appropriate and
TABLE 4. Descriptive statistical data and differences between groups.
controlled manner by establishing a schedule for their use.
The biggest problem is the resistance to change presented by
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TABLE 5. Hypothesis testing results.
some teachers, where they perceive technology as something
useless and have no intention of changing their teaching
methodology.
In terms of the instrument used, the APMU scale was
positioned as a valid and reliable tool for assessing mobile
learning practices and detecting the development of good
teaching practices. Its psychometric properties make this
scale possible as a measure that can be used in future studies
on good teaching practices in mobile learning.
In particular, given the contrast of hypotheses, most of
them were accepted (six of 10 hypotheses); see Table 5 and
Figure 2. As for gender (H1), it did not have any influ-
ence on the development of good practice despite what was
highlighted in previous studies [32], [37], [38]. However,
the women obtained a slightly higher average, but it was not
significant. This indicated that gender does not predetermine
good teaching practices.
As for the hypotheses concerning time (H2, H3, H4), only
H3 was accepted. Thus, age (H2) had no influence on the
development of good teaching practices, being developed
by teachers of any age. This contrasted with data from pre-
vious studies that related age to the application of mobile
devices [39]–[41]. Teaching experience (H4) was also not a
factor. This reinforced the premise that age does not influ-
ence. However, teacher status (H3) had a significant relation-
ship to the development of good teaching practices. So being
in one category or another influences the excellent application
of mobile devices. In particular, the Collaborating Teachers
obtained the highest average. This category is characterized
by being a person external to the institution who regularly
participates in teaching tasks.
The field of knowledge hypothesis (H5) was not supported.
However, if significant differences were found between the
different areas, highlighting the Department of Didactics of
Plastic Expression. The particular case of this area of knowl-
edge can perhaps be explained by the profile of these teachers,
who often require the application of technological resources
in the classroom due to the type of subjects they teach. How-
ever, a priori the field of knowledge was not associated as
an influential factor, in contrast to the data that affirmed this
premise [42].
On the other hand, the hypothesis regarding the type
of institution (H6) was supported, stressing that belong-
ing to a private university influences the development of
good teaching practices [45]. This may be because institu-
tional and resource support from private universities could
be greater, and this facilitates the application of technolog-
ical resources in the classroom. The data from this study
support this premise, since the average obtained by these
teachers was higher. In future studies it would be interesting
to bring together these differences between public and private
universities.
The two hypotheses linked to research and teaching inno-
vation were supported (H7, H8). The fact that teachers’ line
of research is educational technology is a differentiating
factor in the development of good teaching practices. This
can be influenced by the knowledge that teachers possess
in this area, which plays in their favor in the teaching work
they develop. Furthermore, the implementation of pedagog-
ical innovations on a regular basis is another indicator that
significantly influences the development of good teaching
practices. This is due to the combination of mobile learning
with other active methodologies [46]–[50]. Thus, method-
ological complementarity affects the improvement of student
learning, who experience different methods that favour the
development of skills.
Finally, hypotheses related to belief and personal atti-
tude towards mobile devices and mobile learning were sup-
ported (H9, H10). Therefore, the perceived usefulness to
this resource is one of the main factors for its adoption [5],
[8], [51]–[53]. In addition, being aware of the advantages
of using mobile devices and the belief in their current and
future relevance were two of the factors that influenced the
development of good teaching practices in mobile learning.
A. LIMITATIONS AND PROSPECTIVE
The limitations of this study are grouped around two main
limitations: the transversality of the data and the limited
sample size in some sociodemographic factors. As for the
first, the data reflects a static picture of the Spanish Uni-
versity regarding the implementation of mobile devices at a
particular time. Therefore, no conclusions and inferences of
temporality can be drawn. For this, it would be convenient to
replicate the study over time, with a longitudinal. This will
be proven over time, when the study is replicated over an
extended period of years.
As for the limited sample size, in some strata populations
there is a sample decompensation with respect to others.
However, it was decided to maintain these cases to ensure the
representativeness of all sectors and not to exclude any.
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This allowed the data to be as true to reality as possible. It was
therefore important to reflect these cases in order to support
the research with solid and reliable data on good teaching
practices in mobile learning at the University.
For its part, this study opens the doors and establishes
the beginnings of other derived research that can be focused
on: (i) the evaluation of good teaching practices in mobile
learning; (ii) replication of this study in other contexts to com-
pare the results obtained; (iii) the identification of concrete
experiences of good teaching practices; (iv) the application
of the influencing factors in this study to the development of
training plans for teachers.
VI. CONCLUSIONS
The use of mobile devices to mediate learning becomes very
relevant in virtual training. Situations such as that arising
fromCOVID-19 highlight the importance of training teachers
in technological skills and the proper use of technology.
Faced with this panorama of uncertainty, mobile learning is a
useful methodology to develop learning in an active way and
with total normality in exceptional situations.
In this paper we responded to the objectives set, we ana-
lyzed the degree of implementation of the mobile learning
methodology in the Spanish University, where we obtained
the percentage of implementation and the main reasons why
teachers do not use mobile devices. In turn, the sociode-
mographic factors that influenced the development of good
teaching practices in mobile learning were verified, high-
lighting six: teacher status; type of institution; educational
technology research; implementing pedagogical innovations
on a regular basis; agree that mobile devices are appropriate;
belief in the expansion of mobile learning.
Finally, the current educational landscape and vision of
education must go hand in hand with the adoption of tech-
nology. Nevertheless, this adoption cannot be limited to the
simple introduction, but must be accompanied by the devel-
opment of good teaching practices, which will serve as a
reference for teachers who want to start or improve their
teaching activity with ICT.
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